Abstract-SARS-CoV-2 has characterstics of wide contagion and quick velocity of propagation. This technical report carries out a mini test to extract visual features of SARS-CoV-2 with its first ground truth image in related reseach domains.
I. INTRODUCTION
It is reported that the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) breaks out since the end of December in 2019 [1] . More than 1,300,000 people have been infected around the world till April 7th, 2020 [2] , which becomes a global malignant epidemic.
A novel coronavirus was detected for the first time in the laboratory in January 7th, 2020, and the whole genome sequence of the virus was obtained. The first 15 positive cases of novel coronavirus were detected by nucleic acid detection and the virus was separated from one positive patient and observed under an electron microscope. The detection of pathogenic nucleic acid was completed in January 10th, 2020. The first novel coronavirus with the electron microscopic images in China were successfully separated from the Center for Disease Control and Prevention (CDC) in January 24th, 2020. Novel coronavirus nucleic acids were detected in 33 samples from China's CDC in January 26th, 2020, and virus was successfully separated from positive environmental samples. SARS-CoV-2 outbreak was announced as a Public Health Emergency of International Concern (PHEIC) by the World Health Organization (WHO) in January 30th, 2020. It was officially named as COVD-19 (corona virus disease 2019) by WHO in Febuary 11th, 2020. The International Committee on Taxonomy of Viruses (ICTV) has named the virus as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [3] .
Coronavirus is a kind of plus-strand RNA virus, which can infect many mammals including human beings and can cause cold and some other serious diseases such as Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS) [4] . The SARS-CoV-2 is a novel coronavirus that has never been found in human body. The SARS-CoV-2 is highly infectious and mainly transmitted through close contact and respiratory droplets. Besides, the severe patients may die [5] . The main symptom of human infection is respiratory disease, accompanied by fever, cough and may cause viral pneumonia [6] . There is no effective medicine developed up to now. Because of the rapid mutation of RNA coronavirus and lack of efficient medicine, there are mainly two methods to confirm the case, the first is detecting the positive nucleic acid of coronavirus by using RT-PCR, the other one is the high homology between the results of the virus gene sequence and the known SARSCoV-2 [7] . Both of the methods above need professional medical equipments and personnel. So the process is time consuming and expensive. Therefore, it is necessary to develop a SARS-CoV-2 detection system based on image processing as a remedy. Microscopic image analysis provides a new method for rapid coronavirus screening [8] - [12] , thus, several coronavirus features are extracted in the experiments below.
II. MATERIAL AND METHOD A. Test Image and Ground Truth
SARS-CoV-2 is a type of β coronavirus, which has envelope with spinous process. The shape of the virus particle is circular or oval, which seems as a solar corona. The tubular inclusions can be detected in the cell which is infected with coronavirus sometimes. The spinous process of different coronaviruses has significant difference. The SARS-CoV-2 has a diameter of 60-140nm. It also has largest genome as a RNA virus. The mircoscopic image of SARS-CoV-2 is shown in Fig. 1 . Most of the SARS-CoV-2 images are kept by National Health Commission at present. Thus, the dataset for follow-ing test is provided by Baidu. The test image with scale is shown in Fig. 2 . The scale of Fig. 2 is labelled in the image precisely and can be used to calculate the real size of the SARS-CoV-2. In order to obtain the accurate image and extract the features of SARS-CoV-2, the GT (ground truth) image has been made and shown in Fig. 3 . Combining both the initial image and GT image shape features and HOG (histogram of oriented gradient) features of SARS-CoV-2 are extracted. 
B. HOG Feature Extraction
Histogram of Oriented Gradient (HOG) is a classical method to recognize the object and extract the texture features [14] . The local HOG can describe the texture features of particular part in an image. The principle of HOG is selecting the gradient of image edge area and extracting the density distribution coefficient. The first step is dividing the global image into several sub-images based on pixels. Then calculate the oriented gradient values and save them into a matrix. Finally integrate the matrix based on initial image. Because of the rich information and high diversity of image, the dimensions of extracted HOG feature are different. So it is necessary to normalize the HOG feature into a 36 dimensional vector, which has 4 blocks in a region with 9 dimensions per block. The normalization principle is shown in Fig. 4 .
C. Shape Feature Extraction
Shape feature extraction is one of the most important research topics in describing the true nature of images. The shape features mainly includes perimeter, area, eccentrucuty, major axis and minor axis. The original shape of an object can be precisely stored by using shape features, which is significant for computer vision and image recognition. 1) Perimeter: Perimeter refers to the boundary length of the object in the image. The perimeter of the image is composed of several discrete pixel points, which is calculated as the sum of pixel points of the target edge.
2) Area: The area of an object in an image is usually represented by calculating the sum of pixel points of the object. The GT image is used to calculate the area of 2019-nCOV in original image. The 2019-nCOV in GT image is shown as white which is represented by 1, and the background is shown as black which is represented by 0. Scan the GT image and sum the number of pixel points that the value is 1. The process is defined as bellow:
The area of 2019-nCOV is represented by the sum of the pixels that f (x, y) = 1.
3) Major Axis and Minor Axis: The major axis and the minor axis are the longest length and the shortest length while linking two random points of an oval. They are usually represented as the major axis and minor axis of the smallest oval which can contain all of the object for an irregular figure. The major axis and minor axis are defined as bellow:
where l a is the length of major axis, i m , i n , j m , j n are boundary points of the connected region in four directions.
where s a is the length of minor axis, p is the perimeter, t is the ovality factor defined by s a /l a .
III. RESULT AND ANALYSIS

A. Result of HOG Feature Extraction
We extract the HOG feature of SARS-CoV-2 by combining the GT and original images. The normalized histogram with 36 dimensional vector is shown in Fig. 5 . The vector graph of HOG feature is shown in Fig. 6 . The red arrows describe the change of oriented gradient precisely. The vector graph shows good ability in describing the HOG feature of the part of SARS-CoV-2. 
B. Result of Shape Feature Extraction
From Fig. 2 , we segment the image scale and match it to pixels. The pixels of part of scale are black and the rest pixels of the image are white. So it is easy to calculate the length of scale and calculate the proportion of the image size to true size. And then the proportion can be used to calculate the values of the shape features. The length of scale consists of 206 pixels which means 100nm for real size, so the proprotion is about 0.4854. The shape features of SARS-CoV-2 are extracted by combining the GT image and original image, and the true size of these features are calculated by using the proportion above and the values are shown in Table I . The eccentricity is the ratio of the major axis to the minor axis. 
C. Analysis
The SARS-CoV-2 has strong texture heterogeneity by combining the histogram image and vector image of HOG. The edge feature of the image can be well extracted without losing much local details, and the feature of low sensitivity for local geometry and optical transformation can be acquired, which can express the texture feature of SARSCoV-2 effectively.
The geometric values are roughly consistent with the morphology of virus when observed by the naked eyes. It is much more accurate to obtain the geometric values of virus through the GT image. The geometric values are all objective values obtained by computer, but the conclusion is a little more subjective. The combination of HOG and geometric features can describe the surface features of virus precisely, which contains much more abundant information that can help for better classification accuracy in image classification.
IV. CONCLUSION AND FUTURE WORK
A. Conclusion
The SARS-CoV-2 has some recognizable visual information which can be represented by image features, such as texture and shape features, providing a possibility to describe the morphological property of SARS-CoV-2 for medical workers.
B. Future Work
Although most of the SARS-CoV-2 images are kept by National Health Commission now, we may get more electron microscope images in the future for machine learning to detect the SARS-CoV-2. The more data we use to train, the higher accuracy we will get.
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